In angiotensin II (ANG II)-dependent hypertension, the augmented intrarenal ANG II constricts the renal microvasculature and stimulates Rho kinase (ROCK), which modulates vascular contractile responses. Rho may also stimulate angiotensinogen (AGT) expression in preglomerular vascular smooth muscle cells (VSMCs), but this has not been established. Therefore, the aims of this study were to determine the direct interactions between Rho and ANG II in regulating AGT and other renin-angiotensin system (RAS) components and to elucidate the roles of the ROCK/NF-B axis in the ANG II-induced AGT augmentation in primary cultures of preglomerular VSMCs. We first demonstrated that these preglomerular VSMCs express renin, AGT, angiotensin-converting enzyme, and ANG II type 1 (AT 1) receptors. Furthermore, incubation with ANG II (100 pmol/l for 24 h) increased AGT mRNA (1.42 Ϯ 0.03, ratio to control) and protein (1.68 Ϯ 0.05, ratio to control) expression levels, intracellular ANG II levels, and NF-B activity. In contrast, the ANG II treatment did not alter AT 1a and AT1b mRNA levels in the cells. Treatment with H-1152 (ROCK inhibitor, 10 nmol/l) and ROCK1 small interfering (si) RNA suppressed the ANG II-induced AGT augmentation and the upregulation and translocalization of p65 into nuclei. Functional studies showed that ROCK exerted a greater influence on afferent arteriole responses to ANG II in rats subjected to chronic ANG II infusions. These results indicate that ROCK is involved in NF-B activation and the ROCK/ NF-B axis contributes to ANG II-induced AGT upregulation, leading to intracellular ANG II augmentation. renin-angiotensin system; afferent arteriole; angiotensin II type 1 receptors; renin; parathenolide; H-1152; juxtamedullary nephron preparation THE RENAL AFFERENT ARTERIOLES are primarily responsible for regulating preglomerular resistance, renal blood flow, and glomerular filtration rate (GFR) (3, 34, 42) . Elevated renal vascular resistance and preglomerular reactivity are observed in angiotensin II (ANG II)-induced hypertension (16, 36) . Although many systemic, neural, paracrine, and autoregulatory mechanisms contribute to afferent arteriolar dynamics (34), ANG II exerts a critical role, in particular in ANG II-dependent hypertension (17). In hypertensive models with increased intrarenal ANG II, afferent arteriolar vasoconstrictor responses to additional ANG II are augmented, indicating an enhanced reactivity (2b, 17, 34). The mechanisms responsible for the enhanced responsiveness remain unclear, but it seems likely that the greater vasoconstriction contributes to impaired renal hemodynamics and the development of hypertension (15, 35) .
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In addition to the increased preglomerular reactivity to ANG II in ANG II-induced hypertension, there is an augmentation of angiotensinogen (AGT), which is predominantly localized in proximal tubules (23) but is also expressed in other renal cells, including glomerular endothelial cells, mesangial cells, and podocytes (45, 53) . Chronic infusions of ANG II significantly increase intrarenal AGT expression accompanied by increased renal ANG II levels. These findings suggest that there is a stimulation of AGT in kidney vascular smooth muscle cells (VSMCs), but this has not been clearly established, and it is unknown whether AGT can be formed in VSMCs or is due to uptake. Although intrarenal AGT mRNA and protein are localized primarily in proximal tubule segments, it is also possible that AGT expression in afferent arterioles can lead to increases in local or intracellular ANG II formation, directly enhancing vascular sensitivity. To address these issues, preglomerular VSMCs were isolated and cultured using special efforts to maintain the normal phenotype.
In other tissues, the Rho (a small GTPase) and Rho kinase (ROCK) pathway is an important factor in signal transduction pathways that mediate cell proliferation, cell migration, apoptosis, smooth muscle contraction, and actin cytoskeleton organization (22, 29) . Rho contributes to impairment of renal hemodynamics in some models of hypertension (33, 52) . The activation of ROCK alters vascular tone by increasing the cytosolic calcium sensitivity to phosphorylation of myosin light chains (50) . Treatment with ROCK inhibitors attenuates the progression of renal vascular injury in ANG II-induced hypertensive rats, suggesting that activation of the ROCK pathway is involved in the development of renal injury (12, 24, 38, 41) .
ANG II activates NF-B, which is involved in immune and inflammatory reactions via induction of cytokines, chemokines, cell adhesion molecules, growth factors, and immunoreceptors (32) . NF-B is a potent regulator of human AGT promoter expression in proximal tubule cells (1) . In aortic VSMCs, activated ROCK mediates activation of NF-B by ANG II (40) . However, the role of the ROCK/NF-B axis in AGT regulation in preglomerular VSMCs has not been delineated. Therefore, the aims of this study were to establish a primary preglomerular VSMC culture system that retains its characteristics to demonstrate the presence of AGT, ANG II, and other components of RAS in the cells and to determine the contribution of ROCK/NF-B to the ANG II-mediated AGT augmentation. To establish functional relevance, the effects of ROCK inhibition on ANG II stimulates afferent arterioles from control and chronic ANG II-infused rats were determined (18) .
MATERIALS AND METHODS
Animals. The experimental protocol was approved by the Tulane University Institutional Animal Care and Use Committee. In this study, male Sprague-Dawley rats (200 -230 g, Charles River Laboratories, Wilmington, MA) were housed in a constant-temperature room with a 12:12-h dark-light cycle with free access to food and water.
For preglomerular VSMC isolation, kidneys were harvested from the rats. The animals were anesthetized with pentobarbital sodium (40 mg/kg, Ovation). The abdominal cavity was exposed by a midline abdominal incision, and the abdominal aorta was cannulated with ligatures above and below the renal arteries. The kidneys were perfused with PBS solution and an iron oxide solution and then were decapsulated.
For immunostaining of AGT and for the experiments evaluating afferent arteriolar responses, rats received ANG II (80 ng/min, 14 days) via implanted osmotic minipumps (Alzet osmotic pump, Alza, Mountain View, CA) or sham operation. On day 14, rats were anesthetized with pentobarbital sodium for left kidney excision after unilateral ligature, and the right kidneys were sequentially perfused with saline solution (0.9% NaCl) and 4% paraformaldehyde. Formalin-fixed kidney sections (4 m) were used to detect AGT by using an anti-rat AGT antibody. For the juxtamedullary nephron study (8, 9) , control and ANG II-infused male Sprague-Dawley rats (350 -400 g, Charles River Laboratories) were used.
Antibodies and inhibitors. Anti-␣-smooth muscle actin, anti-tubulin, and anti-desmin antibodies were purchased from Abcam (Cambridge, MA). Anti-CD34, anti-renin, anti-angiotensin-converting enzyme (ACE), anti-ANG II type 1 receptor (AT1R), and anti-␤-actin antibodies were obtained from Santa Cruz Biotechnology (Santa Cruz, CA). Another anti-␣-smooth muscle actin antibody was obtained from Dako (Carpinteria, CA) for immunohistochemistry. An anti-AGT antibody was purchased from Immuno-Biological Laboratories (Gunma, Japan). An anti-ANG II antibody was purchased from Phoenix Pharmaceuticals, (Burlingame, CA). IRDye-labeled anti-mouse IgG and anti-rabbit IgG antibodies were obtained from Li-Cor Bioscience (Lincoln, NE) as secondary antibodies for Western blot analyses. Donkey anti-rabbit IgG (Alexa Fluor 488) and donkey anti-mouse IgG (Alexa Fluor 594) antibodies were purchased from Invitrogen (Grand Island, NY). Olmesartan, an AT1R blocker, was provided by DaiichiSankyo (Tokyo, Japan). Fasudil, a ROCK inhibitor, was purchased from Asahi Kasei (Tokyo, Japan). H-1152, also a ROCK inhibitor, was obtained from Calbiochem (Darmstadt, Germany), and parthenolide, an NF-B inhibitor, was purchased from MP Bio Science (Derbyshire, UK).
Immunostaining of AGT. To detect AGT protein in afferent arterioles of rat kidneys, paraformaldehyde was perfused into kidneys of chronic ANG II-infused rats (80 ng/min, 14 days). Immunofluorescence staining was performed as previously described using the kidney sections (4 m) (11) . A rabbit anti-AGT antibody and anti-␣-smooth muscle actin antibody were used in this experiment. Donkey anti-rabbit IgG (Alexa Fluor 488) and donkey anti-mouse IgG (Alexa Fluor 594) were used as secondary antibodies.
Isolation and culture of preglomerular VSMCs and mesangial cells. Isolation of preglomerular VSMCs from rat afferent arterioles was performed using the iron oxide perfusion technique with different sieves, as previously described with minor modifications (4, 7) . After the kidneys were perfused with 10 ml PBS, the perfusion solution was switched to 5% (wt/vol) suspension of iron oxide particles (SigmaAldrich) in culture medium (DMEM supplemented with 1 U/ml penicillin, 1 U/ml streptomycin, Invitrogen Life Technologies). The cortical tissue was carefully dissected from the medulla, minced, and gently pressed through a 150-m mesh sieve followed by a 100-m mesh sieve. The microvessels containing iron were separated from major vascular parts using a magnet. The microvessels were placed in 20 ml culture medium containing 0.5 mg/ml type I collagenase and incubated at 37°C for 30 min with shaking. The microvessels were cultured with DMEM containing 15% FBS, 1 U/ml penicillin, and 1 U/ml streptomycin in 75-cm 2 tissue culture flasks at 37°C in 5% CO2-95% air for 5 days. Thereafter, the medium was replaced with a fresh one; subsequently, the medium was changed every 2 days until the cells reached confluence. For the experiments, cells were used between passages 3 and 5. The cells at 80% confluence were starved by incubation with serum-free DMEM for 24 h. The serum-starved cells were stimulated with ANG II for 24 h in the presence and absence of inhibitors. Rat mesangial cells were isolated as previously reported (20) . In brief, cells were isolated from intact glomeruli of SpragueDawley rats by multiple sieving steps and maintained in RPMI 1640 medium supplemented with 15% FBS (Invitrogen).
Rat aortic VSMC culture. For comparison with the preglomerular VSMCs, aortic VSMCs, which are a representative model of nonrenal VSMCs, were also isolated from the same male Sprague-Dawley rats in accordance with published methods (27) . Isolated cells were maintained in DMEM supplemented with 10% FBS (Invitrogen). Aortic VSMCs were used between passages 3 and 9.
Experimental protocols. For the juxtaglomerular nephron study, a single afferent arteriole was visualized and perfused with each solution. Afferent arteriolar inside diameters were measured during the final 5 min of each treatment period with the following solutions: 1) 1 nmol/l ANG II and 2) 1 nmol/l ANG II plus fasudil from 0.1 to 100 mol/l.
For cell studies, preglomerular VSMCs and aortic VSMCs were treated with ANG II (from 1 to 100 pmol/l) for 24 h, and cells were harvested for analyses. To determine the effects of each inhibitor on AGT or RelA mRNA expression levels, experiments were repeated during pretreatment with olmesartan, H-1152, and parathenolide 30 min before ANG II administration.
We also performed a transient transfection of preglomerular VSMCs with small interference (si) RNA of ROCK. Silencer-select predesigned siRNA against ROCK1 was designed and synthesized by Ambion (Life Technologies, Carlsbad, CA). The siRNA (100 nM) was transfected to preglomerular VSMCs with Lipofectamine RNAiMAX reagent (Life Technologies) according to the manufacturer's protocol. As a negative control, a nontargeting scrambled negative siRNA (control siRNA) was purchased from Life Technologies. After 24-h transfection, cells were washed and incubated with or without ANG II (100 pmol/l) for 24 h.
RT-PCR and quantitative real-time RT-PCR.
For total RNA isolation, cells were washed with PBS and then total RNA was extracted using a commercially available kit (Qiagen). RT-PCR was performed to detect AGT, AT 1a, and AT1b mRNA in both preglomerular and aortic VSMCs. To avoid analyses in plateau conditions, RT-PCR conditions were carefully decided based on results of preliminary tests. RNA amounts in the reverse transcription (400 ng), number of PCR cycles (35 cycles), and loading amount of PCR products (1/5 vol of PCR) were used. The amplified cDNA bands were visualized by ethidium bromide in 1.5% agarose gels. Quantitative real-time RT-PCR (qRT-PCR) was performed to evaluate rat AGT, AT 1a, AT1b, and p65 expression using the TaqMan PCR system as previously described (25, 39) . All samples were analyzed in triplicate, and the data obtained were normalized to ␤-actin mRNA expression levels. Primer sequences were as follows: AGT: forward primer, 5=-GAA GAT GAA CTT GCC ACT AGA-3=; reverse primer, 5=-AAG TGA ACG TAG GTG TTG AAA-3=; and probe, 5=/6 FAM/CAG CAC GGA CAG CAC CCT ATT/BHQ1/3=; AT 1a: forward primer, 5=-CTT GTT CCC TTT CCT TAT CA-3=; reverse primer, 5=-CGT TTC TTG GTT TGT TCT TT-3=; and probe, 5=/6 FAM/CAC CAG CTA TAC CCT TAT TTG GAA AAG/BHQ/1/3=; AT 1b: forward primer, 5=-ATT TCA TCG AGA ACA CCA AT-3=; reverse primer, 5=-TTT GTT AGA CCC AGT CCA AT-3=; and probe, 5=/6 FAM/ATG AAT CTC AGA ACT CAA CAC TCC C/BHQ/1/3=; p65: forward primer, 5=-CAT CAA GAT CAA TGG CTA-3=; reverse primer, 5=-CAC AAG TTC ATG TGG ATG AG-3=; and probe, 5=/6 FAM/AAC AGT TCG AAT CTC CCT GGT BHQ/1/3=; and ␤-actin: forward primer, 5=-ATC ATG AAG TGT GAC GTT GA-3=; reverse primer, 5=-GAT CTT CAT GGT GCT AGG AGC-3=; and probe, 5=/HEX/TCT ATG CCA ACA CAG TGC TGT CTG GT/BHQ2/3=.
Immunocytochemistry. To identify the isolated cells, immunocytochemical staining against the cell markers for characterization and major RAS components in preglomerular VSMCs was performed as described previously (4, 7, 21) . Preglomerular VSMCs were cultured in four-well chamber slides (Lab-Tek). After fixation with 4% paraformaldehyde for 20 min and incubation with 0.1% Triton X-100 for 3 min, blocking solution (Image-iT FX signal enhancer, Invitrogen) was used. The cells were incubated with primary antibodies overnight at room temperature. After washing of the cells with PBS, the cells were incubated with Alexa Fluor 488-or 595-labeled secondary antibodies. ProLong Gold antifade reagent containing .4,6-diamidino-2-phenylindole (Invitrogen) was used as a nuclear stain. Isolated rat mesangial cells were also characterized by Thy1 staining. Western blot analysis. To determine the expression levels of AGT and AT1R proteins in preglomerular VSMCs, Western blot analyses were performed using 60 g of cell lysate as previously described (25, 37, 39) . After harvesting of the preglomerular VSMCs, the cell lysates were prepared and quantified by a bicinchoninic acid protein assay kit (Pierce, Rockford, IL). Proteins were separated using SDS-PAGE and transferred to nitrocellulose membranes. After incubation of the membrane with antibodies, proteins were detected by the Odyssey System (Li-Cor Bioscience) as described previously (37, 43) .
Juxtamedullary nephron study. The juxtamedullary nephron experiments were performed as previously described (8, 9) . After anesthesia, blood was collected from the carotid arterial cannula and then centrifuged and filtered to separate the plasma and cellular fractions. The reconstituted blood was pressurized with a 95% O 2-5% CO2 gas mixture. The right kidney was perfused with Tyrode solution (pH 7.4) containing 5.1% BSA and a mixture of L-amino acids. The kidney was excised and sectioned longitudinally and prepared as previously described (8, 9) . After the dissection was completed, the Tyrode perfusate was replaced with the reconstituted blood. Renal perfusion pressure was set at 100 mmHg. The inner cortical surface of the kidney was continuously superfused with a warmed (37°C) Tyrode solution containing 1% BSA. The tissue was transilluminated, and video images of the microvessels were evaluated with a microscope (Nikon, Melville, NY). Arteriolar inside diameters were measured at 30-s intervals using a calibrated digital image-shearing monitor (Instrumentation for Physiology and Medicine, San Diego, CA). Treatments were administered by superfusing the tissue with a Tyrode solution containing the agent to be tested or the vehicle solution.
Statistical analysis. Results are expressed as means Ϯ SE. Statistical significance was assessed using one-way ANOVA followed by a post hoc Bonferroni/Dunn multiple comparison test. A value of P Ͻ0.05 was considered to be statistically significant.
RESULTS

Expression of AGT in rat afferent arterioles.
To establish the expression of AGT in afferent arterioles of ANG II-infused hypertensive rats, immnunohistological analysis was performed. Immunoreactivity against AGT protein (green) was observed in renal proximal tubules and glomeruli (Fig. 1) . Afferent arterioles were identified by staining of ␣-smooth muscle actin (red). Importantly, the immunoreactivity of AGT and ␣-smooth muscle actin was colocalized, indicating that preglomerular VSMCs express AGT protein. AGT was not detected in preglomerular VSMCs from control rat kidneys.
Establishment of primary culture of preglomerular VSMCs.
To characterize the purified preglomerular VSMCs, we used cell markers for VSMCs, endothelial cells, and fibroblasts. As shown in Fig. 2 , preglomerular VSMCs were identified as being positive for ␣-smooth muscle actin ( Fig. 2A) , a marker for microfilaments, desmin (Fig. 2B) , a marker for intermediate filaments, and tubulin (Fig. 2C) , a marker for microtubules. Staining was negative for CD34, a marker for endothelial cells (Fig. 2D) , and prolyl-4-hydroxylase-␤, a marker for fibroblasts (Fig. 2E) . These data indicate that preglomerular VSMCs were successfully isolated and were not contaminated with other cells. Furthermore, the results suggest that the cultured preglomerular VSMCs retained their phenotypic characteristics.
Expression of RAS components in preglomerular VSMCs. Immunostaining results showed that AGT, renin, ACE, and AT1R proteins are expressed in the isolated preglomerular VSMCs (Fig. 3A) . Western blot analyses also demonstrated the presence of AGT protein and AT1R protein in the preglomerular VSMCs (Fig. 3B) . AGT expression levels were greater in preglomerular VSMCs than in aortic VSMCs (Fig. 3C) . AT 1a mRNA was expressed in both preglomerular VSMCs and aortic VSMCs. In contrast, AT 1b mRNA was expressed in preglomerular VSMCs but was not detected in aortic VSMCs (Figs. 3C and 4, A and B) .
Effects of ANG II on AGT and AT1R expression. AT 1a and AT 1b mRNA expression levels in preglomerular VSMCs were not changed by ANG II. Similarly, ANG II did not change AT 1a expression levels in aortic VSMCs (Fig. 4) . Figure 5 , A and B, shows effects of ANG II on AGT mRNA and protein augmentation in preglomerular VSMCs but not in aortic VSMCs. AGT mRNA levels were significantly increased by 10 pmol/l, 100 pmol/l, and 1 nmol/l ANG II in preglomerular VSMCs. The maximum augmentation of AGT mRNA and protein by ANG II was observed at 100 pmol/l ANG II. AGT protein levels were also significantly increased by 100 pmol/l ANG II. In aortic VSMCs, ANG II decreased AGT mRNA expression (Fig. 5A) . We also tested the effect of ANG II on AGT in mesangial cells. Treatment with 10 pmol/l and 100 nmol/l ANG II did not change AGT expression levels in mesangial cells (data not shown).
The role of AT1R activation in mediating AGT augmentation was tested using olmesartan (10 nmol/l). As shown in Fig.  5C , ANG II-induced AGT upregulation was prevented by pretreatment with olmesartan. These data indicate that ANG II-induced AGT augmentation is mediated by activating AT1R.
Effects of inhibition of ROCK and NF-B on ANG II-induced AGT augmentation and intracellular ANG II formation.
To investigate the role of ROCK and NF-B in ANG II-induced AGT augmentation in preglomerular VSMCs, the effects of a pharmacological ROCK inhibitor; H-1152 (10 nmol/l), and ROCK1 siRNA on AGT mRNA expression levels were examined. As shown in Fig. 6A , ANG II-induced AGT mRNA augmentation was completely prevented by H-1152. Moreover, the transfection of siRNA targeting ROCK1 attenuated AGT augmentation, while scrambled negative siRNA did not affect AGT mRNA augmenation (Fig. 6B) .
Pretreatment with NF-B inhibitor parthenolide (10 nmol/l) inhibited ANG II-induced AGT augmentation (Fig. 6C) . These results suggest that AGT augmentation is mediated by the activity of ROCK and NF-B in preglomerular VSMCs.
To test the role of ROCK activation in intracellular ANG II formation in preglomerular VSMCs, intracellular ANG II was stained after treatment with ANG II at 100 pmol/l for 24 h. Intracellular ANG II staining showed weak signals in nonstimulated preglomerular VSMCs. Intracellular ANG II levels were increased in ANG II-stimulated preglomerular VSMCs. The increase in intracellular ANG II was prevented by H-1152 (Fig. 7) .
Effects of ROCK inhibition on ANG II-induced NF-B activation.
We further tested the sequential order of ROCK and NF-B in the pathway underlying the ANG II-induced AGT augmentation. As shown in (Fig. 8B) . The translocation of p65 was prevented by H-1152.
Effects of Rho-kinase inhibition on afferent arteriolar diameters in ANG II-infused rats.
The ability of Rho-kinase inhibition to dilate afferent arterioles was tested by treating with fasudil in the presence of ANG II at 1 nmol/l concentration. Ten and 100 mol/l fasudil significantly dilated afferent arterioles from both control and ANG II-infused rats. However, the relative increases in afferent arteriolar diameters with 10 and 100 mol/l fasudil were significantly greater in ANG IIinfused rats than in control rats, suggesting a greater Rhokinase-dependent afferent arteriolar tone following chronic treatment with ANG II (Fig. 9) .
DISCUSSION
In many types of hypertension, renal vascular resistance is increased. Structurally narrowed renal afferent arterioles were observed in spontaneously hypertensive rats (SHR) (46) , which increases preglomerular resistance and reduces renal blood flow and GFR (3, 34, 42) . ANG II is a key factor mediating afferent arteriolar vasoconstriction, particularly in ANG IIdependent hypertension (17) . Elevated renal microvascular resistance and preglomerular overreactivity that is specific to ANG II-induced blood pressure elevation after infusion of ANG II has been demonstrated in chronic ANG II-infused animals (17) . ANG II impairs autoregulation, which may contribute to hypertensive injury (18, 19) . In vivo studies also showed impaired renal blood flow and GFR autoregulation in ANG II-infused rats (5). Chronic infusion of ANG II caused marked impairment of sodium excretion, suppression of the pressure-natriuresis relationship, and reduced renal blood flow and GFR (51) . Although several factors contribute to the enhanced vascular reactivity in ANG II-dependent hypertension, the molecular mechanisms have not been completely delineated.
Preglomerular VSMCs isolated from SHR showed greater expression levels of receptor for activated C kinase 1 than preglomerular VSMCs isolated from normotensive rats (5) . In addition, renal vascular resistance remained elevated even after withdrawal of RAS blockade (2) . These findings provide evidence that preglomerular VSMCs establish and sustain unique molecular mechanisms during hypertension, which contribute to sustained increases in afferent arteriolar resistance. In ANG II-infused hypertensive models, the augmented afferent arteri- olar vasoconstrictor responses to additional ANG II indicate that preglomerular VSMCs undergo intracellular changes underlying the increase in sensitivity to ANG II that occurs (2b, 17, 34) . In this study, we show that the acute administration of ANG II induced vasoconstriction of the afferent arterioles in control rats and chronic ANG II-infused rats. Moreover, during ANG II superfusion, the Rho-kinase inhibition in ANG IIinfused rats led to greater vasodilation compared with control rats. These results present functional relevance to this study and indicate that ANG-II mediated activation of the Rhokinase pathway contributes to the increased afferent arteriolar vascular sensitivity. Immunohistological analysis demonstrated immunoreactivity against AGT in afferent arterioles of ANG II-infused rats whereas this could not be detected in control rats. In addition, preglomerular VSMCs isolated from rats in this study express the major RAS components, which are required to produce ANG II locally. The AGT expression levels in preglomerular VSMCs were higher than in aortic VSMCs. Importantly, ANG II stimulated both AGT mRNA and protein expression in the preglomerular VSMCs but not aortic VSMCs and mesangial cells. In mesangial cells, other groups have reported that AGT is expressed in rat glomeruli and mesangial cells, which is upregulated in glomerular disease (47) (48) (49) . It has been previously indicated that elevation of reactive oxygen species induces AGT augmentation in mesangial cells (37) . However, there is no report regarding the effect of ANG II on AGT expression in rat mesangial cells. Therefore, we tested the effect of ANG II on AGT expression in mesangial cells and demonstrated that ANG II does not alter AGT expression levels in the cells. These results suggest that mechanisms underlying AGT regulation in preglomerular VSMCs differ from those found in aortic VSMCs and mesangial cells.
Increases in intracellular ANG II levels were also demonstrated in ANG II-treated preglomerular VSMCs. Since ROCK inhibition attenuated the increases in intracellular ANG II, ANG II production rather than ANG II internalization seems to contribute to the intracellular ANG II augmentation in preglomerular VSMCs. This elevated intracellular ANG II can explain the increase in afferent arteriolar reactivity to ANG II that occurs in ANG II-dependent hypertension. Indeed, intracellular ANG II has been shown to induce intracellular calcium elevation in VSMCs (13) . Moreover, AT1R expression levels in preglomerular VSMCs were not increased by ANG II. Thus the enhanced reactivity to ANG II in afferent arterioles in ANG II-dependent hypertension is not dependent on increased AT1R levels. In the present study, the maximum induction of AGT augmentation was observed with 100 pM ANG II. In normal rats, plasma ANG II levels are Ͻ50 pM (28, 30) . Chronic ANG II infusion at 80 ng/min has been shown to increase plasma ANG II levels in the range of 150 -400 pM (10, 26, 28, 44) . These concentrations are similar to those used in our vitro studies, suggesting that the AGT augmentation in preglomerular VSMCs occurs in the range of plasma ANG II concentrations achieved in ANG II-dependent hypertension. In contrast to the AGT augmentation in preglomerular VSMCs, ANG II reduced AGT expression in aortic VSMCs. It has been established that glomeruli and the efferent arterioles express only AT 1b receptors whereas the afferent arterioles express both types of the AT1R gene (14) . Our study also shows that AT 1b mRNA was not detected in aortic VSMCs. Thus VSMCs in the aorta and afferent arterioles may have different molecular systems in the regulation of RAS.
The present study demonstrates that ROCK and NF-B mediate the ANG II-induced increase in AGT expression in preglomerular VSMCs. These results are in agreement with previous findings that NF-B inhibition suppresses basal AGT mRNA expression in renal proximal tubular cells (43) . In vivo studies have demonstrated that renal injury is associated with the activation of the ROCK/NF-B pathway in chronic ANG II-infused rats (24) . In the present study, we showed that AGT mRNA augmentation was blocked by knockdown of ROCK1 using siRNA as well as a pharmacological inhibition. These data indicate that ROCK contributes to ANG II-induced AGT augmentation. We also show that an NF-B inhibitor attenuates ANG II-induced increases in AGT mRNA expression in preglomerular VSMCs, indicating that NF-B is directly involved in the AGT augmentation in preglomerular VSMCs as well as in renal proximal tubular cells. In aortic VSMCs, activation of ROCK by ANG II leads to activation of NF-B (15) but does not stimulate AGT expression. It has also been reported that activated NF-B augments ROCK expression, resulting in increases in ROCK activity in VSMCs (6), which is an inverse pathway to the ROCK/NF-B axis. Therefore, the sequential order of ROCK and NF-B in the ANG II-induced AGT augmentation was examined in preglomerular VSMCs. The results showing that ROCK inhibition prevents NF-B activation indicate that ROCK activation precedes and mediates NF-B activation, leading to AGT augmentation in preglomerular VSMCs.
Since ROCK is an important signaling factor in the increased afferent arteriolar wall thickness and arterial blood pressure in ANG II-dependent hypertension (38) , the ROCK/ NF-B/AGT in preglomerular VSMCs can enhance the development of ANG II-associated renal arterial hypertrophy. In summary, this study demonstrates that ANG II can directly induce upregulation of AGT, leading to increases in intracellular ANG II formation in preglomerular VSMCs. In vivo, the increased ANG II levels can elicit afferent arteriolar vasoconstriction and contribute to an enhanced reactivity to ANG II which is mediated by Rho-kinases in ANG II-dependent hypertension. In addition, this study revealed that the ROCK/NF-B pathway is implicated in the ANG II-induced AGT augmentation in preglomerular VSMCs. These findings suggest that new approaches to suppress ROCK and NF-B activities would be useful adjunct therapy in controlling ANG II-dependent renal vascular constriction and hypertension. Furthermore, primary cultured cells are useful tools for future studies that relate to the mechanisms of renal and vascular injury in various pathological conditions.
